SoME years ago, during an investigation of the influence of rate of growth on the development of rickets in sheep, parallel studies were undertaken using the rat. Owing to the difficulty of obtaining from rats blood samples sufficiently large for phosphatase determination, and having in mind the observations of Heymann [1930; 1931; 1933] on the faecal excretion of phosphatase in rickets, the concentration of this enzyme in the faeces of the rats was determined. It was observed that wide fluctuations occurred in the elimination of phosphatase when animals were transferred from one diet to another. This was elpecially noticeable in the case of weanling rats transferred to stock diets. The t6ntative conclusion was drawn that the augmentations in excretion were caused by ircreased bulk of ingesta which, it was felt, must increase secretory activity within the alimentary tract. The large increases observed for the weanlings were, no doubt, the result Of the sensitivity to stimulus of an immature tract accustomed to a diet mainly of milk. These results were not published.
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From the Rowett Institute, Aberdeen (Received 14 November 1940) SoME years ago, during an investigation of the influence of rate of growth on the development of rickets in sheep, parallel studies were undertaken using the rat.
Owing to the difficulty of obtaining from rats blood samples sufficiently large for phosphatase determination, and having in mind the observations of Heymann [1930; 1931; 1933] on the faecal excretion of phosphatase in rickets, the concentration of this enzyme in the faeces of the rats was determined. It was observed that wide fluctuations occurred in the elimination of phosphatase when animals were transferred from one diet to another. This was elpecially noticeable in the case of weanling rats transferred to stock diets. The t6ntative conclusion was drawn that the augmentations in excretion were caused by ircreased bulk of ingesta which, it was felt, must increase secretory activity within the alimentary tract. The large increases observed for the weanlings were, no doubt, the result
Of the sensitivity to stimulus of an immature tract accustomed to a diet mainly of milk. These results were not published. More recently investigations have been in progress in which domestic animals received larger quantities of fibre in the diet than is customary, and certain questions regarding the influence of bulk of ingesta on activities within the alimentary tracts were raised. The connexion between this problem and earlier investigations led to the undertaking of the present study.
EXPERIMENTAL
Six virgin female albino rats aged 105-140 days and weighing 199-225 g. were housed in pairs in three Hopkins metabolism cages which permit of the separate collection of urine and faeces. The aaiumals were fed daily at 10 awm.
after collection of the urine, faeces and unconsumed food. Food and distilled water were offered in excess of appetite. The composition of the low fibre basal diet is recorded in Table 1 . Bodansky's [1933] method for serum phosphatase. All results are expressed as Bodansky units.
Results
The Ca balances are recorded in Table 2 and the N balances in Table 3 . In Table 4 Urinary N values declined from period to period as the N intake fell. The faecal excretion increased from period 1 to period 2 and again in period 3. The value found for period 4 was somewhat below the period 2 level. The mean retentions were positive in all periods, higher retentions being found in periods 1 and 3 and the loWest in period 4. Negative daily balances preponderated in period 4 but were absent in period 1. Occasional negative daily balances occurred during periods 2 and 3.
During period 1 there were moderate fluctuations in the daily excretion of phosphatase but, although the range was wider than might have been expected, the inclusion of 10 % of fibre in the diet caused a large increase in excretion well beyond the upper limit of period 1 range. In period 3 the excretion of phosphatase was again greater than in period 2 and the values for period 4 were higher than in period\3. The increases with each addition of fibre were progressively less. The mean values showed a more than sevenfold increase between periods 1 and 4. The units of phosphatase excreted' per g. of fresh faeces increased in periods 2 and 3 over period 1, but in 'period 4 the value fell to a point midway between the two extremes. In each of the fibre periods the sudden increase in fibre intake led to maxima in faecal phosphatase excretion, after 'which. the animals tended to adjust themselves to the new conditions. The main source of the increases in faecal phosphatase excretion is probably the wall of the intestine, since the greater hulk calls for more lubrication during propulsion. In this connexion the distribution of phosphatase within the faecal boll was examined and it was found that the conpentration was greater in the pellicle than in the centre. This differeNce could only have arisen after the bQli had been formed and was. therefore attributable to the secretory activity of the large intestine. During the periods when 10 and 20 % of fibre were added to the diet the quantity of phosphatase per g. of faeces fell within the same range for both periods and the average values were closely similar. In period 4, which represents with an intake of 30 % of fibre about the limit that the rat will tolerate, the excretion per g. of faeces fell. This coincides with the concentration of dietary fibre which Westerlund [1938, 2] found increased the faecal Ca output in the rat when fed on a very low Ca diet. The phosphatase data suggest that a 30 % level of fibre reduces the efficiency ofthe intestine in relation-to the bulk of ingesta although the total activity is further increased (from the period 2 level). This impairment of efficiency is also revealed in Westerlund's experiment, where Ca intake was very low. As is discussed below this does not occur with diets of normal Ca content.
Several workers have studied the influence of dietary fibre on Ca retention. Bloom [1930] found that the addition of 8 % of fibre to a diet ofnormal Ca content had no effect upon Ca retention of rats, and this was confirmed by Adolph et al. [1938] who, however, used a low Ca diet. Asoham [1938] . But the results can only be adequately interpreted when examined in conjunction with the phosphatase values. Although it was reasonable to expect that increased bulk of ingesta would induce greater secretory activity within the alimentatry tract, it was not expected that such increase would be sevenfold. It is remarkable that such an increase was not associated with a detrimental effect upon the Ca balance. In this respect it is of importance to consider the observation of Nicolaysen [1934] that the output of Ca in the digestive juices of adult man amounts to about 1 g. daily, that is to say, about twice the daily Ca requirement. (This observation' is similar to that of Watson [1933] who observed that the salivary P, mainly inorganic, of sheep can amount to as much as 7-7 g. daily, which is several times the -daily requirement for growth.) That reabsorption of this secreted Ca is conducted with an extraordinary degree of-efficiency is made clear by considering the phosphatase increases. The enormous increase in secretory activity which must have been associated with the increases observed in faecal phosphatase occasioned no losses of Ca from the organism. It is probably correct to assume that the increase in the volume of the secretions would cause some diminution in the concentration of Ca in the secretions, but it is unlikely that the reductioi would be severe, since the electrolyte pattern of the secretions bears a relation to that of the blood (as has been shown by Watson for salivary P and blood P in sheep) and there is no record of increased bulk of ingesta reducing blood Ca.
The efficiency with which the secreted Ca is reabsorbed is probably the outcome of the Ca being in ionized form, or at least in forms readily ionizable under conditions existing within the intestine.
Mitchell found that N excretion was increased by 42 % when rats receiving a N-free, low fibre diet had access to filter paper and his 'metabolic N' correction is generally accepted in certain types of protein metabolism studies. Whiteacre et al. [1929-30] considered that high fibre diets reduced the N balances in human subjects but, unfortunately, no analyses ofthe diets for crude fibre were performed. Morgan [1934] reported that an increased fibre intake had a slight detrimental effect on N retention in man. In the case ofthe rabbit, Sjollema [1923] failed to find any effect of crude fibre on N retention.
The generally observed detrimental effects on N retention of increased fibre intake were found in the present study. The highest retention was observed during the period of lowest fibre intake and the lowest retention occurred during the period of highest fibre intake. During period 3 a higher retention was observed than in period 2; this may have arisen owing to the shortness of the experimental periods and the lack of accustoming intervals between periods.
The percentage of N intake excreted in the faeces for the 0, 10, 20 aiYd 30 % fibre periods were: 10-6, 12-3, 15-0 and 14-4. In this case again an unexpectedly high value occurs in period 3, resulting from the aberrant values found for urinary and faecal N on the first day of this period when, apparently, there was poor absorption of N. If the faecal N value for this day is omitted in calculating the percentage of dietary N lost in the faeces the series becomes: 10-6, 12-3, 14-0 and 14-4. Since the faecal N originates only in part from the dietary N, an attempt is made in In column 2 are recorded the faecal N averages from Table 3 (except in the case of period 3, where the aberrant value for the first day has been excluded from the calculation of the average). In column 3 is recorded the quantity of N in the faeces that is calculated to have arisen from and on account of the basal diet intake, the computation being based on the period 1 finding that the faecal N is equal to 10-6 % of N intake when no fibre is added to the diet. As stated above, Mitchell found that the 'metabolic-N' bore a close relation to the quartity of diet consumed; this was confirmed by Adolph & Wu [1934] , who demonstrated in addition that increased bulk of ingesta did not interfere with corrected protein digestibility unless the material passed through the intestine at a more rapid rate than usual. Neither Adolph & Wu nor ourselves found any evidence of increased rate of transit when filter paper was fed to rats. In column 4 are given the differences between the values in columns 2 and 3;. this fraction is considered to be the portion of the faecal N which was lost to the animal as a result of the quantity of fibre ingested and is referred to as the 'N-cost' of the fraction. In column 5 are given the increases in phosphatase excretion over the, basal period 1 level. Finally, in the last column are presented the ratios Phosphatase increase : -'N-cost'.
The agreement between the ratios suggests that there is a relation between phosphatase excretion and increased N excretion on higher fibre intakes.
Theorietically, it seems probable that the extra N eliminated is partly in the form of epithelial fragments and partly mucoprotein. It is to be expected that such contributions of th-ese forms of N as occur in the lower regions of the small intestine will escape hydrolysis and absorption. It will certainly be true of those originating in the large intestine.
From the results obtained it is indicated that studies of phosphatase excretion may be valuable aids in investigations of secretory activities of the intestinal tract and this probably applies also in the case of other enzymes. In questions of pathological changes of the tract the estimation might be.of value. Concerning the latter, the test might be of use in studies of cases of hypersensitivity of the intestinal tract,to fibre in human subjects.
SUMMARY
Increasing the fibre content of the diet of rats to levels as high as 30 % had no influence on Ca retention but reduced the N balance.
Large increases were observed in faecal phosphatase excretion when the fibre intake was raised and this was thought to indicate increased secretory activity within the intestines.
T-he absence of any depressing effect of large increases in the intestinal secretions on the Ca balance was considered to indicate that the reabsorption of secreted Ca is highly efficient.
